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Terrestrial Plants and Invertebrates

Copper is toxic to sensitive plants when plant nutrient solutions contain greater than 40-200 ug Cu/L, when
leaves have greater than 10 to 12 mg Cu/kg DW, and when extractable copper in soils is greater than 60 mg/kg
DW soil (Table 4). Excess copper inhibits root elongation and branching and reduces the ability of the plant to
explore the soil for water and nutrients (Arduini et al. 1995). Root damage occurs in pine seedlings (Pinus spp.)
after exposure for 10 days to nutrient solutions that contain 40 ug Cu/L. A lower concentration of 4 ug Cu/L has
no adverse effects on root growth and morphology, while a higher concentration of 400 ug Cu/L completely
inhibits root growth within 3 days (Arduini et al. 1995). Poultry litter is a useful agricultural byproduct with high
nitrogen and phosphorus content and is frequently added to agricultural soils. Poultry litter from northern
Georgia containing 1,196 mg Cu/kg DW and applied at a final rate of 5-15 mg Cu/kg soil to fields of Sudex
(Sorghum bicolor x S. sudanense) did not affect copper levels of treated Sudex or produce any evidence of
toxicity (van der Watt et al. 1994). But most terrestrial vegetation in the United States, Sweden, Wales, and
other locales is usually adversely affected by emissions from copper mines, brass foundries, and copper
smelters (Hutchinson 1979). Damage to vegetation persists for at least 50 years after closure of a copper
smelter because of copper, arsenic, and lead in the soil. Particularly sensitive to copper in the soils are white
pine (Pinus strobus) and red maple (Acer rubrum); less sensitive are Douglas fir (Pseudotsuga menziesii) and
lodgepole pine (Pinus contorta; Hutchinson 1979).

Earthworms (Eisenia fetida) held in soils containing 53 mg Cu/kg DW show a 50% reduction in cocoon
production in 56 days; 32 mg Cu/kg soil had no effect on cocoon production (Spurgeon et al. 1994). The LC50
(56 days) value for earthworms is 555 mg Cu/kg DW soil; no deaths occur at 210 mg/kg soil during this period.
Copper is more toxic to Eisenia fetida than are salts of cadmium, zinc, or lead (Spurgeon et al. 1994). Copper
adversely affects the earthworm Lumbricus rubellus (Ma 1984). Concentrations of 150 mg Cu/kg surface soil
from an accidental spill of copper sulfate in grasslands reduced earthworm populations by about 50%; surface
soil concentrations of 260 mg Cu/kg kill almost 100% of the Lumbricus. Copper is most toxic to Lumbricus at low
soil pH (4.8-7.1) and at low temperatures (Ma 1984).

Tests show that the presence of soil reduces the toxicity of copper to the soil-dwelling nematode
Caenorhabditis elegans; copper toxicity to nematodes increases with increasing densities of bacteria and
increasing concentrations of sodium chloride or potassium chloride (Donkin and Dusenbery 1993). Terrestrial
isopods efficiently assimilate and store copper as detoxified granules in the hepatopancreas; this activity is in
contrast to many species of marine crustaceans that are unable to assimilate, detoxify, or otherwise regulate
copper (Weeks and Rainbow 1993).

Aquatic Organisms

Plants

Photosynthesis and growth in sensitive species of freshwater algae are inhibited by copper concentrations
of 1-6 pg/L (NAS 1977; Table 5). For sensitive species of estuarine phytoplankton, copper is lethal at 50 pg/L
and most toxic under conditions of decreasing salinity, pH, and concentrations of chelators (Erickson et al.
1970). Sensitivity to copper varies widely among species of estuarine algae (Erickson et al. 1970; Table 5);
some species, for example, grow normally at concentrations as high as 10 mg Cu/L during exposure for 9 days
(Piccinni and Copellotti 1982). In mesocosm studies, 50 pg Cu/L caused a reduction of about 80% in total
zooplankton and total algal biovolumes; the algal assemblage that persisted was dominated by diatoms (Havens
1994). Copper-resistant strains of Euglena gracilis challenged with high sublethal concentrations of copper for 5
days had an altered cysteine metabolism (Coppellotti 1989).

Some species of aquatic plants absorb or adsorb dissolved copper at extremely high rates (Table 5).
Bioconcentration factors for copper and freshwater alga (Chlorella sp.) range from 203-2,000 after exposure for
14 to 30 h (USEPA 1980). Seagrass (Heterozostera tasmanica) in seawater containing 42 ug Cu/L for several
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During the 18th, 19th, and 20th centuries, a number of arsenic compounds have been used as medicines; copper
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year are released by the burning of fossil fuels. Francium
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Iodine
Arsenic is one of the most toxic elements that can be found. Despite their toxic effect, inorganic arsenic bonds Indium
occur on earth naturally in small amounts. Humans may be exposed to arsenic through food, water and air.
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Levels of arsenic in food are fairly low, as it is not added due to its toxicity. But levels of arsenic in fish and m
seafood may be high, because fish absorb arsenic from the water they live in. Luckily this is mainly the fairly Potassiom

Copyright © 1998-2011 Lenntech B.V | Email: info@lenntech.com | Tel. +31 15 261 09 00 | Fax. +31-15-2616289



Arsenic (As) - Chemical properties, Health and Environmental effects http://www.lenntech.com/periodic/elements/as. htm#ixzzl yMLLICEF

Krypton
Arsenic exposure may be higher for people that work with arsenic, for people that live in houses that contain YP
conserved wood of any kind and for those who live on farmlands where arsenic-containing pesticides have been Lanthanum
applied in the past.

| Lithium
: Exposure to inorganic arsenic can cause various health effects, such as irritation of the stomach and intestines,
decreased production of red and white blood cells, skin changes and lung irritation. It is suggested that the Lawrencium
uptake of significant amounts of inorganic arsenic can intensify the chances of cancer development, especially
the chances of development of skin cancer, lung cancer, liver cancer and lymphatic cancer. Lutetium
skin disturbances, declined resistance to infections, heart disruptions and brain damage with both men and
women
i . Magnesium
Finally, inorganic arsenic can damage DNA. 9
Manganese
A lethal dose of arsenic oxide is generally regarded as 100 mg.
Molybdenum
Organic arsenic can cause neither cancer, nor DNA damage. But exposure to high doses may cause certain
effects to human health, such as nerve injury and stomachaches. Meitnerium
R Nitrogen
Environmental effects of arsenic
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6. What are the effects of arsenic on the environment?

Water and land-living plants and animals show a wide range of sensitivities to different chemical forms of
arsenic. Their sensitivity is modified both by biological factors and by their surrounding physical and
chemical environment. In general, inorganic forms of arsenic are more toxic to the environment than organic
forms and, among inorganic forms, arsenite is more toxic than arsenate. This is probably because the way
in which the various forms are taken up into the body differs and once taken up, they act in different ways
in the body. The reason why arsenite is toxic is thought to be because it binds to particular chemical groups
- sulfhydryl groups - found on proteins. Arsenate, on the other hand, affects the key energy producing
process that take place in all cells.

Arsenic compounds cause short-term and long-term effects in individual plants and animals and in
populations and communities of organisms. These effects are evident, for example, in aquatic species at
concentrations ranging from a few micrograms to milligrams per litre. The nature of the effects depends on
the species and time of exposure. The effects include death, inhibition of growth, photosynthesis and
reproduction, and behavioral effects. Environments contaminated with arsenic contain only a few species
and fewer numbers within species. If levels of arsenate are high enough, only resistant organisms, such as
certain microbes, may be present. More...

ight © GreenFacts 20012012
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Copper

Copper is a reddish metal with a face-centered cubic crystalline structure. It reflects red and orange light and
absorbs other frequencies in the visible spectrum, due to its band structure, so it as a nice reddish color. It is
malleable, ductile, and an extremely good conductor of both heat and electricity. It is softer than zinc and can be
polished to a bright finish. It is found in group Ib of the periodic table, together with silver and gold. Copper has
low chemical reactivity. In moist air it slowly forms a greenish surface film called patina; this coating protects the
metal from further attack.

Applications

Most copper is used for electrical equipment (60%); construction, such as roofing and plumbing (20%); industrial
machinery, such as heat exchangers (15%) and alloys (5%). The main long established copper alloys are bronze,
brass (a copper-zinc alloy), copper-tin-zinc, which was strong enough to make guns and cannons, and was known
as gun metal, copper and nickel, known as cupronickel, which was the preferred metal for low-denomination
coins.

Copper is ideal for electrical wiring because it is easily worked, can be drawn into fine wire and has a high
electrical conductivity.

Copper in the environment

Copper is a very common substance that occurs naturally in the environment and spreads through the
environment through natural phenomena. Humans widely use copper. For instance it is applied in the industries
and in agriculture. The production of copper has lifted over the last decades. Due to this, copper quantities in the
environment have increased.

The world's copper production is still rising. This basically means that more and more copper ends up in the
environment. Rivers are depositing sludge on their banks that is contaminated with copper, due to the disposal of
copper-containing wastewater. Copper enters the air, mainly through release during the combustion of fossil
fuels. Copper in air will remain there for an eminent period of time, before it settles when it starts to rain. It will
then end up mainly in soils. As a result soils may also contain large quantities of copper after copper from the air
has settled.

Copper can be released into the environment by both natural sources and human activities. Examples of natural
sources are wind-blown dust, decaying vegetation, forest fires and sea spray. A few examples of human activities
that contribute to copper release have already been named. Other examples are mining, metal production, wood
production and phosphate fertilizer production.

Because copper is released both naturally and through human activity it is very widespread in the environment.
Copper is often found near mines, industrial settings, landfills and waste disposals.

Most copper compounds will settle and be bound to either water sediment or soil particles. Soluble copper
compounds form the largest threat to human health. Usually water-soluble copper compounds occur in the
environment after release through application in agriculture.

World production of copper amounts to 12 million tons a year and exploitable reserves are around 300 million
tons, which are expected to last for only another 25 years. About 2 million tons a year are reclaimed by
recycling. Today copper is mined as major deposits in Chile, Indonesia, USA, Australia and Canada, which
together account for around 80% of the world's copper. The main ore is a yellow copper-iron sulfide called
chalcopyrite (CuFeS2).

Health effects of copper
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Copper can be found in many kinds of food, in drinking water and in air. Because of that we absorb eminent Krypton
quantities of copper each day by eating, drinking and breathing. The absorption of copper is necessary, because
copper is a trace element that is essential for human health. Although humans can handle proportionally large Lanthanum
concentrations of copper, too much copper can still cause eminent health problems.
Lithium
Copper concentrations in air are usually quite low, so that exposure to copper through breathing is negligible. But
people that live near smelters that process copper ore into metal, do experience this kind of exposure. Lawrencium
People that live in houses that still have copper plumbing are exposed to higher levels of copper than most Lutetium
people, because copper is released into their drinking water through corrosion of pipes.
Mendelevium
Occupational exposure to copper often occurs. In the working environment, copper contagion can lead to a Magnesluni
flu-like condition known as metal fever. This condition will pass after two days and is caused by over sensitivity. ag
Manganese
Effects 2
Molybdenum
Long-term exposure to copper can cause irritation of the nose, mouth and eyes and it causes headaches,
stomachaches, dizziness, vomiting and diarrhea. Intentionally high uptakes of copper may cause liver and kidney Meitnerium
damage and even death. Whether copper is carcinogenic has not been determined yet.
Nitrogen
There are scientific articles that indicate a link between long-term exposure to high concentrations of copper and
a decline in intelligence with young adolescents. Whether this should be of concern is a topic for further Sodium
investigation.
Niobium
Industrial exposure to copper fumes, dusts, or mists may result in metal fume fever with atrophic changes in
nasal mucous membranes. Chronic copper poisoning results in Wilson’s Disease, characterized by a hepatic Neodymium
cirrhosis, brain damage, demyelization, renal disease, and copper deposition in the cornea.
Neon
Nickel
Environmental effects of copper
Nobelium
When copper ends up in soil it strongly attaches to organic matter and minerals. As a result it does not travel Neptunium
very far after release and it hardly ever enters groundwater. In surface water copper can travel great distances,
either suspended on sludge particles or as free ions. Oxygen
Copper does not break down in the environment and because of that it can accumulate in plants and animals Osmium
when it is found in soils. On copper-rich soils only a limited number of plants has a chance of survival. That is
why there is not much plant diversity near copper-disposing factories. Due to the effects upon plants copper is a Phosphorus
serious threat to the productions of farmlands. Copper can seriously influence the proceedings of certain
farmlands, depending upon the acidity of the soil and the presence of organic matter. Despite of this, copper- Protactinium
containing manures are still applied.
Lead
Copper can interrupt the activity in soils, as it negatively influences the activity of microorganisms and Palladium
earthworms. The decomposition of organic matter may seriously slow down because of this. o "
Promethium
When the soils of farmland are polluted with copper, animals will absorb concentrations that are damaging to
their health. Mainly sheep suffer a great deal from copper poisoning, because the effects of copper are Polonium
manifesting at fairly low concentrations.
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Birds

No data are available on the toxicity of copper to avian wildlife. All studies with birds and copper use
domestic chickens, ducks, or turkeys (Table 6). Copper, however, may indirectly affect avian wildlife by
curtailing certain prey species. Winger et al. (1984), for example, show that apple snails (Pomacea paludosa)
are not only extremely susceptible to copper (LC50 of 24 to 57 pg/L in 96 h; immatures most sensitive), but are
the primary food of the snail kite (Rostrhamus sociabilis), an endangered species. The decline of the apple snail
in southern Florida coincided with the use of copper-diquat to control hydrilla aquatic weeds (Hydrilla
verticillata), with serious implications for the snail kite (Winger et al. 1984).

In the domestic chicken, adverse effects of copper occur in chicks fed diets containing 350 mg Cu/kg ration
for 25 days (reduced weight gain) and in adults given a dietary equivalent of more than 28 mg Cu/kg BW (Table
6). Chicks fed diets of 500 mg Cu/kg ration show damage to the gizzard lining; damage effects are attributed to
the shedding of gizzard glandular cells into the keratin-like koilin layer, disrupting koilin production (Bremner
1979). Copper-induced gizzard histopathology in growing chicks is not reversed by zinc or vitamins B4 or E

(Poupoulis and Jensen 1976). Supplementing chick diets with copper did not prove markedly advantageous
(Poupoulis and Jensen 1976), provided that normal rations had about 4 mg Cu/kg and adequate iron (Carlton
and Henderson 1964b). Unlike mammals, chicks fed copper-supplemented diets do not have elevated copper
concentrations in liver or signs of liver damage (Bremner 1979). Broiler hens housed on slats made of lumber
pressure-treated with chromated copper arsenate showed severe foot-pad dermatitis and excessive mortality
after 17 weeks; however, arsenic and cresylic acid—not copper—may be the responsible agents (Sander et al.
1994).

Ducklings (Anas spp.), unlike chicks, accumulate copper in livers when fed diets supplemented with high
loadings of copper (Wood and Worden 1973). Domesticated mallards show a dose-time dependent increase in
copper liver concentrations, with a maximum concentration of 254 mg Cu/kg DW liver (Table 6). Mallards seem
to prefer drinking water containing 100 mg Cu/L over distilled water (Table 6); however, these birds were molting
and this may have influenced their response because trace mineral requirements rise during molting (Rowe and
Prince 1983).

In turkeys, natural diets with as much as 800 mg Cu/kg ration have no adverse effects on growth or survival.
But purified diets are toxic to turkeys in three weeks, and purified diets that contain as little as 50 mg Cu/kg
ration produce adverse effects (Waibel et al. 1964). Turkeys fed purified diets with supplemented copper show a
dose-dependent increase in mortality and decrease in growth; these effects are attributed to a copper-
accelerated dietary deterioration (Supplee 1964). Turkey growth and survival are acceptable when fed purified
diets supplemented with as much as 800 mg Cu/kg ration provided that effective levels of added antioxidant
(0.02% ethoxyquin) and stabilized sources of vitamins A and D are present (Supplee 1964).

Mammals

Wilson’s disease is the only naturally occurring neuropathological condition in humans and other mammals
in which copper poisoning is implicated. People with Wilson’s disease have severe pathological changes in the
brain, especially in the basal ganglia, and in the liver; pathology is associated with excess copper in tissues
(Doherty et al. 1969). Copper concentrations in tissues from children that die from Wilson’s disease are as much
as 2,217 mg/kg DW in liver and 1,245 mg/kg DW in kidney (Table 7). Long-term exposure of humans to copper
dust irritates the nose, eyes, and mouth and causes headaches, dizziness, nausea, and diarrhea (USEPA 1980;
ATSDR 1990). Drinking water that contains higher than normal concentrations of copper may cause vomiting,
diarrhea, stomach cramps, nausea, and greenish or bluish stools and saliva. Intentionally high intakes of copper
may result in liver and kidney damage, and sometimes death, especially in children. The seriousness of the
effects of copper is expected to increase with increasing dose and duration of exposure (USEPA 1980; ATSDR
1990). Human tissues exposed directly to copper or copper salts will suffer adverse effects because of copper
absorption. This is the case for copper bracelets on sweaty skin, for certain intrauterine devices, and for copper
dental fillings (USEPA 1980). In monkeys, copper used as dental fillings in deciduous teeth causes more severe
pulp damage than did other materials studied (USEPA 1980).

Mammals and birds are 100-1,000 times more resistant to copper than other animals (Schroeder et al.

1966). But excessive dietary intakes of copper by 20- to 50-fold over normal levels may have serious effects in
mammals. Depending on the species, growth and food intake may be reduced, anemia may develop, and liver,
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kidney, brain, and muscle may degenerate, often resulting in death (Bremner 1979; ATSDR 1990). Copper
poisoning in mammals may result from consumption of plants treated with copper-containing pesticides, from
the veterinary use of copper sulfate to control helminthiasis and infectious pododermatitis in cattle and sheep,
and from the ingestion of contaminated soils and vegetation near copper mining and refining operations (NAS
1977). Emissions from copper mines and smelters are often associated with deaths of horses, cows, and sheep;
pasture lands, in some cases, are fit for grazing only after heavy rains (Hutchinson 1979).

Ruminant mammals are significantly more sensitive to copper than nonruminant mammals and poultry
(Schroeder et al. 1966; NAS 1977). Signs of copper poisoning in ruminants include vomiting, excessive
salivation, abdominal pain, diarrhea with greenish-tinted feces, pathology of internal organs, elevated copper
concentrations in liver, altered enzyme activities in liver and serum, and collapse and death within 24 to 48 h
(NAS 1977). Young calves may develop copper toxicosis at relatively low copper intakes, especially when
receiving milk-based diets; goats, however, seem resistant to copper toxicosis (Bremner 1979). Among
ruminants, domestic sheep are particularly susceptible to copper insult from grazing on pastures treated with
copper-containing fungicides and molluskicides or from inadvertently consuming diets specially formulated for
pigs and which contain large amounts of copper as a swine growth stimulant (Todd 1969; Bremner 1979).

Chronic copper poisoning in domestic sheep is first characterized by a period of passive accumulation of
copper in the tissues. This period varies from a few weeks to more than a year. During this time the animal
appears outwardly normal although the liver may contain more than 1,000 mg Cu/kg DW and plasma activities
of aspartate transaminase, sorbitol dehydrogenase, lactic dehydrogenase, and arginase increase, indicating that
liver damage has occurred. During the last few weeks of the passive phase, and prior to the so-called toxic
phase, liver histopathology of parenchymal cells and copper-containing Kupffer cells occurs. The toxic phase,
which is an acute iliness and referred to as the hemolytic crisis, usually results in death 2-4 days later. During
this phase sheep refuse to eat but have an excessive thirst. The eyes are usually sunken. The venous blood is
chocolate colored. The liver is jaundiced. The kidneys are completely gorged with hemoglobin breakdown
products and the medulla and cortex are black. The spleen is enlarged, with the parenchyma a deep brown to
black color. The onset of these signs in sheep is associated with liberation of copper from the liver and a
massive increase in blood copper concentrations. The increased blood copper concentrations lead to an
increase in blood methemoglobin and a sudden fall in the erythrocyte glutathione level immediately followed by
massive hemolysis and kidney damage, leading to uremia and death. At the time of crisis, elevated serum
creatine phosphokinase activity suggests that muscle cell membranes are affected, and elevated serum
glutamic oxaloacetate transaminase (SGOT) and lactic dehydrogenase activities indicate progressive liver
necrosis (Doherty et al. 1969; Todd 1969; Thompson and Todd 1974; Bremner 1979). It is emphasized that (1)
blood copper status and liver function in sheep experimentally poisoned with copper sulfate are linked to
elevated SGOT activities 1 to 6 weeks in advance of obvious external signs (MacPherson and Hemingway
1969); (2) copper chloride is 2 to 4 times more toxic to sheep than copper sulfate is (NAS 1977); and (3) the use
of copper-enriched feeding stuffs increases the risk of chronic copper poisoning in sheep fed purified rations
(Froslie et al. 1983). Also, sheep that accumulate higher than normal amounts of copper in the liver (i.e., 1,900
mg Cu/kg DW) are more severely affected by lupinosis (acute liver atrophy due to poisoning by ingestion of
plants of Lupinus spp.) than sheep with normal (40 mg/kg DW) concentrations of copper in the liver (Gardiner
1967).

Copper toxicosis in lambs of domestic sheep occurs at dietary concentrations between 8 and 60 mg Cu/kg
ration. The wide range of dietary concentrations is a function of copper availability. Availability, in turn, is
influenced by dietary composition, genetic influence, age, breed, sex, physiological state, and interactions with
other dietary constituents including iron, zinc, and molybdenum (Bremner 1979). Chronic copper poisoning in
lambs occurs at dietary levels as low as 27 mg Cu/kg DW ration (Buckley and Tait 1981). During the passive
phase, lambs—like adults—have normal plasma copper concentrations and seem outwardly unaffected. Unlike
adults, copper accumulates in livers of lambs during a shorter period (several weeks to months vs. months to
years). Signs of hemolytic crisis and death within a few days are similar for both adults and lambs. Elevated
plasma aspartate aminotransferase (AAT) activity in lambs—up to 10 times higher than controls—occurs 4 to 8
weeks before the hemolytic crisis (Buckley and Tait 1981) and strongly indicates a need for more research on
the usefulness of AAT and other enzymes as early indicators of copper stress. A recommended treatment for
lambs diagnosed with chronic copper poisoning is 20 mL of a mixture containing 100 mg of ammonium
molybdate and 1 g of sodium sulfate administered orally 5 days weekly (Doherty et al. 1969).
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e-mail: info@lenntech.com Nickel is silvery-white. hard, malleable, and ductile metal. It is of the iron group and it takes on a high polish. It is a Cesium
fairly good conductor of heat and electricity. In its familiar compounds nickel is bivalent, although it assumes other
valences. It also forms a number of complex compounds. Most nickel compounds are blue or green. Nickel dissolves Copper
slowly in dilute acids but, like iron, becomes passive when treated with nitric acid. Finely divided nickel adsorbs
hydrogen. Dubnium
Applications Darmstadtium
The major use of nickel is in the preparation of alloys. Nickel alloys are characterized by strength, ductility, and Dysprosium

resistance to corrosion and heat. About 65 % of the nickel consumed in the Western World is used to make stainless
steel, whose composition can vary but is typically iron with around 18% chromium and 8% nickel. 12 % of all the Erbium
nickel consumed goes into super alloys. The remaining 23% of consumption is divided between alloy steels,

rechargeable batteries, catalysts and other chemicals, coinage, foundry products, and plating. Einsteinium
Nickel is easy to work and can be drawn into wire. It resist corrosion even at high temperatures and for this reason it .
is used in gas turbines and rocket engines. Monel is an alloy of nickel and copper (e.g. 70% nickel, 30% copper with Europium
traces of iron, manganese and silicon), which is not only hard but can resist corrosion by sea water, so that it is ideal
for propeller shaft in boats and desalination plants. Fluorine
Nickel in the environment Iron
. o . " 3 5 . e Fermium
Most nickel on Earth is inaccessible because it is locked away in the planet's iron-nickel molten core, which is 10 % ermiu
nickel. The total amount of nickel dissolved in the sea has been calculated to be around 8 billion tons. Organic matter Francium
has a strong ability to absorb the metal which is why coal and oil contain considerable amounts. The nickel content in
soil can be as low as 0.2 ppm or as high as 450 ppm in some clay and loamy soils. The average is around 20 ppm. Gallium
Nickel occurs in some beans where it is an essential component of some enzymes. Another relatively rich source of
nickel is tea which has 7.6 mg/kg of dried leaves. Gadolinium
Nickel occurs combined with sulphur in millerite, with arsenic in the mineral niccolite, and with arsenic and sulphur in
nickel glance. Most ores from which nickel is extracted are iron-nickel sulphides, such as pentlandite. The metal is Geimanliii
mined in Russia, Australia, New Caledonia, Cuba, Canada and South Africa. Annual production exceeds 500.000 tons
and easily workable reserves will last at least 150 years. Hydrogen
Health effects of nickel Helium
Nickel is a compound that occurs in the environment only at very low levels. Humans use nickel for many different Hafnium
applications. The most common application of nickel is the use as an ingredient of steal and other metal products. It
can be found in common metal products such as jewelry. Mercury
Holmium
Foodstuffs naturally contain small amounts of nickel. Chocolate and fats are known to contain severely high quantities. Hassium
Nickel uptake will boost when people eat large quantities of vegetables from polluted soils. Plants are known to
accumulate nickel and as a result the nickel uptake from vegetables will be eminent. Smokers have a higher nickel Iodine
uptake through their lungs. Finally, nickel can be found in detergents.
Indium

Humans may be exposed to nickel by breathing air, drinking water, eating food or smoking cigarettes. Skin contact

with nickel-contaminated soil or water may also result in nickel exposure. In small quantities nickel is essential, but Iridium

when the uptake is too high it can be a danger to human health. :
Potassium
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- Sickness and dizziness after exposure to nickel gas

- Lung embolism

- Respiratory failure

- Birth defects

- Asthma and chronic bronchitis

- Allergic reactions such as skin rashes, mainly from jewelry
- Heart disorders

Nickel fumes are respiratory irritants and may cause pneumonitis. Exposure to nickel and its compounds may result in
the development of a dermatitis known as “nickel itch” in sensitized individuals. The first symptom is usually itching,
which occurs up to 7 days before skin eruption occurs. The primary skin eruption is erythematous, or follicular, which
may be followed by skin ulceration. Nickel sensitivity, once acquired, appears to persist indefinitely.

Carcinogenicity- Nickel and certain nickel compounds have been listed by the National Toxicology Program (NTP) as
being reasonably anticipated to be carcinogens. The International Agency for Research on Cancer (IARC) has listed
nickel compounds within group 1 (there is sufficient evidence for carcinogenicity in humans) and nickel within group 2B
(agents which are possibly carcinogenic to humans). OSHA does not regulate nickel as a carcinogen. Nickel is on the
ACGIH Notice of Intended Changes as a Category A1, confirmed human carcinogen.

Effects of nickel on the environment

Nickel is released into the air by power plants and trash incinerators. It will than settle to the ground or fall down after
reactions with raindrops. It usually takes a long time for nickel to be removed from air. Nickel can also end up in
surface water when it is a part of wastewater streams.

The larger part of all nickel compounds that are released to the environment will adsorb to sediment or soil particles
and become immobile as a result. In acidic ground however, nickel is bound to become more mobile and it will often
rinse out to the groundwater.

There is not much information available on the effects of nickel upon organisms other than humans. We do know that
high nickel concentrations on sandy soils can clearly damage plants and high nickel concentrations in surface waters
can diminish the growth rates of algae. Micro organisms can also suffer from growth decline due to the presence of
nickel, but they usually develop resistance to nickel after a while.

For animals nickel is an essential foodstuff in small amounts. But nickel is not only favorable as an essential element;
it can also be dangerous when the maximum tolerable amounts are exceeded. This can cause various kinds of cancer
on different sites within the bodies of animals, mainly of those that live near refineries.

Nickel is not known to accumulate in plants or animals. As a result nickel will not bio magnify up the food chain.

Now check out our page on nickel and water
Back to periodic chart

Recommended daily intake of nickel
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. tarnish in air, when heated it borns and forms the green chromic oxide. Chromium is unstable in oxygen, it
e-mail: info@lenntech.com immediately produces a thin oxide layer that is impermeable to oxygen and protects the metal below. Cesium
Applications Copper
Chromium main uses are in alloys such as stainless steel, in chrome plating and in metal ceramics. Chromium Dubni
plating was once widely used to give steel a polished silvery mirror coating. Chromium is used in metallurgy to ubpium
impart corrosion resistance and a shiny finish; as dyes and paints, its salts colour glass an emerald green and it Darmstadti
is used to produce synthetic rubies; as a catalyst in dyeing and in the tanning of leather; to make molds for the arms| um '
firing of bricks. Chromium (IV) oxide (CrO2) is used to manufacture magnetic tape. "
Dysprosium
Chromium in the environment Erbium ’
Chromium is mined as chromite (FeCr204) ore. Chromium ores are mined today in South Africa, Zimbabwe, Einsteinium
Finland, India, Kazakihstan and the Philippines. A total of 14 million tonnes of chromite ore is extracted.
Reserves are hestimated to be of the order of 1 billion tonnes with unexploited deposits in Greenland, Canada e Europium
USA.
. Fluorine
Health effects of chromium
Iron
People can be exposed to chromium through breathing, eating or drinking and through skin contact with
chromium or chromium compounds. The level of chromium in air and water is generally low. In drinking water Fermium
the level of chromium is usually low as well, but contaminated well water may contain the dangerous
chromium(IV); hexavalent chromium. For most people eating food that contains chromium(III) is the main Francium
route of chromium uptake, as chromium(III) occurs naturally in many vegetables, fruits, meats, yeasts and
grains. Various ways of food preparation and storage may alter the chromium contents of food. When food in Gallium
stores in steel tanks or cans chromium concentrations may rise.
Gadolinium
Chromium(III) is an essential nutrient for humans and shortages may cause heart conditions, disruptions of Germanium
metabolisms and diabetes. But the uptake of too much chromium(I1I) can cause health effects as well, for u
instance skin rashes.
Hydrogen
Chromium(VI) is a danger to human health, mainly for people who work in the steel and textile industry. Heli
People who smoke tobacco also have a higher chance of exposure to chromium. eium
Chromium(VI) is known to cause various health effects. When it is a compound in leather products, it can cause Hafnium
allergic reactions, such as skin rash. After breathing it in chromium(VI) can cause nose irritations and
nosebleeds. Mercury
Other health problems that are caused by chromium(VI) are:
Holmium
- Skin rashes
- Upset stomachs and ulcers Hassium
- Respiratory problems
- Weakened immune systems Iodine
- Kidney and liver damage
- Alteration of genetic materia Indium
- Lung cancer E .
- Death Iridium
Potassium
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the hexavalent form on the skin may include ulcerations, dermatitis, and allergic skin reactions. Inhalation of
hexavalent chromium compounds can result in ulceration and perforation of the mucous membranes of the
nasal septum, irritation of the pharynx and larynx, asthmatic bronchitis, bronchospasms and edema.
Respiratory symptoms may include coughing and wheezing, shortness of breath, and nasal itch.

Carcinogenicity- Chromium and most trivalent chromium compounds have been listed by the National
Toxicology Program (NTP) as having inadequate evidence for carcinogenicity in experimental animals.
According to NTP, there is sufficient evidence for carcinogenicity in experimental animals for the following
hexavalent chromium compounds; calcium chromate, chromium trioxide, lead chromate, strontium
chromate,and zinc chromate. International Agency for Research on Cancer (IARC) has listed chromium metal
and its trivalent compounds within Group 3 (The agent is not classifiable as to its carcinogenicity to humans.)
Chromium is not regulated as a carcinogen by OSHA (29 CFR 1910 Subpart Z). ACGIH has classified chromium
metal and trivalent chromium compounds as A4,not classifiable as a human carcinogen.

Environmental effects of chromium

There are several different kinds of chromium that differ in their effects upon organisms. Chromium enters the
air, water and soil in the chromium(III) and chromium(VI) form through natural processes and human
activities.

The main human activities that increase the concentrations of chromium (III) are steal, leather and textile
manufacturing. The main human activities that increase chromium(VI) concentrations are chemical, leather and
textile manufacturing, electro painting and other chromium(VI) applications in the industry. These applications
will mainly increase concentrations of chromium in water. Through coal combustion chromium will also end up
in air and through waste disposal chromium will end up in soils.

Most of the chromium in air will eventually settle and end up in waters or soils. Chromium in soils strongly
attaches to soil particles and as a result it will not move towards groundwater. In water chromium will absorb
on sediment and become immobile. Only a small part of the chromium that ends up in water will eventually
dissolve.

Chromium(III) is an essential element for organisms that can disrupt the sugar metabolism and cause heart
conditions, when the daily dose is too low. Chromium(VI) is mainly toxic to organisms. It can alter genetic
materials and cause cancer.

Crops contain systems that arrange the chromium-uptake to be low enough not to cause any harm. But when
the amount of chromium in the soil rises, this can still lead to higher concentrations in crops. Acidification of soil
can also influence chromium uptake by crops. Plants usually absorb only chromium(III). This may be the
essential kind of chromium, but when concentrations exceed a certain value, negative effects can still occur.

Chromium is not known to accumulate in the bodies of fish, but high concentrations of chromium, due to the
disposal of metal products in surface waters, can damage the gills of fish that swim near the point of disposal.

In animals chromium can cause respiratory problems, a lower ability to fight disease, birth defects, infertility
and tumor formation.

Read more on chromium in water
Back to the periodic table of elements.

Recommended daily intake of chromium
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Abstract

Due to its wide industrial use, chromium is considered a serious environmental pollutant. Contamination of soil and water by chromium
(Cr) is of recent concern. Toxicity of Cr to plants depends on its valence state: Cr(VI) is highly toxic and mobile whereas Cr(III) is less toxic.
Since plants lack a specific transport system for Cr, it is taken up by carriers of essential ions such as sulfate or iron. Toxic effects of Cr on
plant growth and development include alterations in the germination process as well as in the growth of roots, stems and leaves, which may
affect total dry matter production and yield. Cr also causes deleterious effects on plant physiological processes such as photosynthesis, water
relations and mineral nutrition. Metabolic alterations by Cr exposure have also been described in plants either by a direct effect on enzymes
or other metabolites or by its ability to generate reactive oxygen species which may cause oxidative stress. The potential of plants with the
capacity to accumulate or to stabilize Cr compounds for bioremediation of Cr contamination has gained interest in recent years.
© 2005 Elsevier Ltd. All rights reserved.
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This fact sheet answers the most frequently asked health questions (FAQs) about
barium and barium compounds. For more information, call the ATSDR Information
Center at 1-800-232-4636. This fact sheet is one in a series of summaries about
hazardous substances and their health effects. It is important you understand this
information because these substances may harm you. The effects of exposure to any
hazardous substance depend on the dose, the duration, how you are exposed,
personal traits and habits, and whether other chemicals are present.

Highlights

Exposure to barium occurs mostly in the workplace or from drinking contaminated water.
Ingesting drinking water containing levels of barium above the EPA drinking water guidelines for
relatively short periods of time can cause gastrointestinal disturbances and muscle weakness.
Ingesting high levels for a long time can damage the kidneys. Barium and barium compounds

have been found in at least 798 of the 1,684 National Priority List sites identified by the
Environmental Protection Agency (EPA).

What is barium?
Barium is a silvery-white metal which exists in nature only in ores containing mixtures of

elements. It combines with other chemicals such as sulfur or carbon and oxygen to form barium
compounds.

Barium compounds are used by the oil and gas industries to make drilling muds. Drilling muds
make it easier to drill through rock by keeping the drill bit lubricated. They are also used to make
paint, bricks, ceramics, glass, and rubber.

Barium sulfate is sometimes used by doctors to perform medical tests and to take x-rays of the
gastrointestinal tract.

What happens to barium when it enters the environment?
e Barium gets into the air during the mining, refining, and production of barium compounds,

and from the burning of coal and oil.

e The length of time that barium will last in air, land, water, or sediments depends on the form
of barium released.

e Barium compounds, such as barium sulfate and barium carbonate, which do not dissolve
well in water, can last a long time in the environment.
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e Barium compounds, such as barium chloride, barium nitrate, or barium hydroxide, that
dissolve easily in water usually do not last in these forms for a long time in the environment.
The barium in these compounds that is dissolved in water quickly combines with sulfate or
carbonate that are naturally found in water and become the longer lasting forms (barlum
sulfate and barium carbonate).

¢ Fish and aquatic organisms can accumulate barium.

How might I be exposed to barlum‘?

¢ Ingesting small amounts present in your food and water or breathing air containing very low
levels of barium.

e Living in areas with unusually high natural levels of barium in the drinking water.

e Working in a job that involves barium production or use.

¢ Living or working near waste sites where barium has been disposed of.

How can barium affect my health?
The health effects of the different barium compounds depend on how well the compound

dissolves in water or in the stomach contents. Barium compounds that do not dissolve well, such
as barium sulfate, are not generally harmful.

Barium has been found to potentially cause gastrointestinal disturbances and muscular weakness
when people are exposed to it at levels above the EPA drinking water standards for relatively
short periods of time. Some people who eat or drink amounts of barium above background levels
found in food and water for a short period may experience vomiting, abdominal cramps,
diarrhea, difficulties in breathing, increased or decreased blood pressure, numbness around the
face, and muscle weakness. Eating or drinking very large amounts of barium compounds that
easily dissolve can cause changes in heart rhythm or paralysis and possibly death. Animals that
drank barium over long periods had damage to the kidneys, decreases in body weight, and some
died.

How likely is barium to cause cancer?

The Department of Health and Human Services (DHHS) and the International Agency for
Research on Cancer (IARC) have not classified barium as to its carcinogenicity. The EPA has
determined that barium is not likely to be carcinogenic to humans following ingestion and that
there is insufficient information to determine whether it will be carcinogenic to humans
following inhalation exposure.

‘How can barium affect children?

We do not know whether children will be more or less sensitive than adults to barium toxicity. A
study in rats that swallowed barium found a decrease in newborn body weight; we do not know if
a similar effect would be seen in humans.

How can families reduce the risks of exposure to barium?

e The greatest potential source of barium exposure is through food and drinking water.
However, the amount of barium in foods and drinking water are typically too low to be of
concern.

»
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Is there a medical test to determine whether I've been exposed to
barium?

There is no routine medical test to determine whether you have been exposed to barium. Doctors
can measure barium in body tissues and fluids, such as bones, blood, urine, and feces, using very

complex instruments. These tests cannot be used to predict the extent of the exposure or
potential health effects.

The geometric mean barium level measured in the U.S. general population aged 6 and older is
reported by the Centers for Disease Control and Prevention (CDC) as 1.44 ig/g creatinine
(measured in urine).

Has the federal government made recommendations to protect human
health?

The EPA has set a limit of 2.0 milligrams of barium per liter of drinking water (2.0 mg/L), which
is the same as 2 ppm.

The Occupational Safety and Health Administration (OSHA) has set Permissible Exposure Limits
(PELs) of 0.5 milligrams of soluble barium compounds per cubic meter of workplace air (0.5
mg/ma3) for 8 hour shifts and 40 hour work weeks. The OSHA limits for barium sulfate dust are
15 mg/m3 of total dust and 5 mg/m3 for respirable fraction.

The National Institute for Occupational Safety and Health (NIOSH) has set Recommended
Exposure Limits (RELs) of 0.5 mg/m3 for soluble barium compounds. The NIOSH has set RELs
of 10 mg/m3 (total dust) for barium sulfate and 5 mg/m3 (respirable fraction).

References

Agency for Toxic Substances and Disease Registry (ATSDR). 2007. Toxicological Profile for
Barium and Compounds (/ToxProfiles/TP.asp?id=327&tid=57) (Update). Atlanta, GA: U.S.
Department of Health and Human Services, Public Health Service.

Where can I get more information?

If you have questions or concerns, please contact your community or state health or
environmental quality department or:

For more information, contact:

Agency for Toxic Substances and Disease Registry
Division of Toxicology and Environmental Medicine
1600 Clifton Road NE, Mailstop F-62

Atlanta, GA 30333

Phone: 1-800-CDC-INFO - 888-232-6348 (TTY)
Fax: 1-770-488-4178

Email: cdcinfo@cdc.gov (mailto:cdcinfo@cde.gov)

ATSDR can also tell you the location of occupational and environmental health clinics. These
clinics specialize in recognizing, evaluating, and treating illnesses resulting from exposure to
hazardous substances. :




ol ok

ATSDR - ToxFAQs™: Barium http://www.atsdr.cdc.gov/toxfags/tf.asp?id=326&tid=57

Information line and technical assistance:
Phone: 888-422-8737
FAX: (770)-488-4178

To order toxicological profiles, contact:
National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

Phone: 800-553-6847 or 703-605-6000

Disclaimer

All ATSDR Toxicological Profile, Public Health Statement and ToxFAQs PDF files are electronic
conversions from paper copy or other electronic ASCII text files. This conversion may have
resulted in character translation or format errors. Users are referred to the original paper copy of
the toxicological profile for the official text, figures, and tables. Original paper copies can be
obtained via the directions on the toxicological profile home page (http://www.atsdr.cdc.gov
/toxprofiles/index.asp) , which also contains other important information about the profiles.

e Page last reviewed: March 3, 2011
e Page last updated: March 3, 2011
e Content source: Agency for Toxic Substances and Disease Registry (http://www.atsdr.cde.gov/)

GA 30341

Contact CDC: 800-232-4636 / TTY: 888-232-6348 UGonrnmcn.t

Agency for Toxic Substances and Disease Registry, 4770 Buford Hwy NE, Atlanta, /__* (.—-..
gov.. 4
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tel: +31 15 261 09 00 Beryllium
i Chromium
fax: #31.15:261.62:89 Beryllium is a toxic bivalent element, steel gray, strong, light-weight, primarily used as hardening agent in
% lloys. Beryllium has one of the highest melting points of the light metals. It has excellent thermal conductivity,
-mail: info@lenntech.com a o 5 Salsa : Cesium
e-mail: info@lenntech.com is nonmagnetic, it resists attack by concentrated nitric acid and at standard temperature and pressures beryllium
resist oxidation when exposts to air. Copper
Applications Dubnium
Beryllium is used as an alloying agent in the production of beryllium-copper. Thanks to their electrical and Darmstadtium
thermal conductivity, high strenght and hardness, non magnetic properties, good resistance, dimensional stability
over a wide temperature range beryllium-copper alloys are used in many applications. A typical application of Dysprosium
beryllium-copper alloys is in the defense and aerospace industries.
Beryllium is also used in the field of X-ray detection diagnostic (it is transparent to X-rays) and in the making of Erbium
various computer equipment.
Einsteinium
Beryllium in the environment
Europium
The beryllium content on Earth crust is 2.6 ppm, in soil 6 ppm. Beryllium in soil can pass into the plants grown on Fluori
it, provided it in a soluble form. Typical levels in plants vary between 1 and 40 ppb, too low to affect animals uorine
which eat these plants. 1
Beryllium is found in 30 different minerals, the most important of which are bertrandite, beryl, chrysoberyl, and L
phenacite. Precious forms of beryl are aquamarine and emerald.
Fermium
Health effects of beryllium Francium
Beryllium is not an element that is crucial for humans; in fact it is one of the most toxic chemicals we know. It Gallium
is a metal that can be very harmful when humans breathe it in, because it can damage the lungs and cause
pneumonia. . Gadolinium
The most commonly known effect of beryllium is called berylliosis, a dangerous and persistent lung disorder Germanium
that can also damage other organs, such as the heart. In about 20% of all cases people die of this disease.
Breathing in bery_llium in the v_Norkaace is what causes berylliosis. People that have weakened immune systems Hydrogen
are most susceptible to this disease.
Helium
Beryllium can also cause allergic reactions with people that are hypersensitive to this chemical. These reactions
can be very heavy and they can even cause a person to be seriously ill, a condition known as Chronic Beryllium Hafnium
Disease (CBD). The symptoms are weakness, tiredness and breathing problems. Some people that suffer from
CBD will develop anorexia and blueness of hands and feet. Sometimes people can even be in such a seriots Mercury
condition that CBD can cause their death.
. . . Holmium
Next to causing berylliosis and CBD, beryllium can also increase the chances of cancer development and DNA
damage. Hassium
Iodine
Environmental effects of beryllium
Indium
Beryllium enters the air, water and soil as a result of natural processes and human activities. It occurs naturally
in the environment in small amounts. Humans add beryllium through production of metal and combustion of coal Iridium
and oil.
Potassium
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Industrial emissions will add beryllium to air and wastewater disposals will add beryllium to water. It usually
settles in sediment. Beryllium as a chemical element occurs naturally in soils in small amounts, but human
activities have also increased these beryllium levels. Beryllium is not likely to move deeper into the soil and
dissolve within

groundwater.

In water, chemicals will react with beryllium, causing it to become insoluble. This is a good thing, because the
water-insoluble form of beryllium can cause much less harm to organisms than the water-soluble form.
Beryllium will not be accumulated in the bodies of fish. However, some fruits and vegetables such as kidney
beans and pears may contain significant levels of beryllium. These levels can enter animals that eat them, but
luckily most animals excrete beryllium quickly through urine and feces.

The uptake of beryllium has consequences ﬁmainly for human health. However, laboratory tests have indicated

that it is possible for beryllium to cause cancer and changes of DNA with animals. So far there is no field
evidence to support these findings.

Back to th riodi K ments.

Lung Cancer Information View survivor stories & chat online w/ oncology information experts. CancerCenter.con/CareTha
Asbestos Lawsuits National Claims Assistance. Free Online Case Evaluation. Learn More Asbestosction org
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BERYLLIUM COMPOUNDS - National Library of Medicine HSDB D... http://toxnet.nlm.nih.gov/cgi-bin/sis/search/a?dbs+hsdb: @term+@D...

TOXNET

Toxicology Data Network : | _
SIS Home About Us Site Map & Search  Contact Us

HSDB _//' P Env. Health & Toxicology » TOXNET P HSDB

BERYLLIUM COMPOUNDS

CASRN: NO CAS RN

This record contains general information for beryllium ions and compounds, including statements in the literature referenced to
beryllium compounds, beryllium salts, etc. For compound-specific information, refer to the appropriate individual records as
listed in the RELATED HSDB RECORDS field; for information on the metal itself, refer to the BERYLLIUM, ELEMENTAL record.

For more information, search the NLM HSDB database.

Human Health Effects:

Toxicity Summary:

Exposure of people to relatively high concentrations of beryllium (greater than 100 ug cu m) causes acute beryllium
disease, characterized by chemical pneumonitis. ... Some people inhaling low concentrations of beryllium develop
chronic beryllium disease, a granulomatous lung disease characterized by dyspnea, cough, reduced pulmonary
function, and a variety of other symptoms, including weight loss. ... The lack of a dose-response relationship between
the extent of exposure and development of the disease, long latency period between exposure and onset, and the low
incidence among beryllium-exposed individuals suggests that the disease is immune mediated. ... Occupational risk
associated with exposure to beryllium-containing alloys has been documented for individuals exposed to beryllium-
copper and beryllium-nickel alloys. Beryllium is a suspected human carcinogen, based on results of animal data.
Epidemiologic evidence relating beryllium exposure to cancer in humans is inadequate to demonstrate or refute that
beryllium is carcinogenic in humans, and the International Agency for Research on Cancer lists the evidence for
beryllium induced carcinogenicity in humans as "limited". ... The pulmonary effects of inhaled beryllium have also
been evaluated in a variety of laboratory animal species. ... monkeys exposed to relatively high concentrations of
beryllium compounds developed symptoms and histopathological findings consistent with acute beryllium disease. ...
Granulomatous lung disease has also been produced in guinea pigs exposed to beryllium compounds by inhalation or
by intratracheal instillation. ... Repeated inhalation of beryllium-containing materials, including soluble beryllium
compounds by various strains of laboratory rats has resulted in development of inflammatory and proliferative
changes, granulomatous lung changes, and the development of lung tumors. Although beryllium- exposed rats have
developed various degrees. of granulomatous lung disease, none have developed immunopathological responses in
lung or beryllium hypersensitivity. ... studies have shown that several strains of mice inhaling beryllium develop
pulmonary lesions with features consistent with chronic beryllium disease. Lung lesions consisted of infiltration of
lymphocytes into the lung interstitium, development of microgranulomas consisting of T lymphocytes and
macrophages, and the presence of some pulmonary fibrosis. Under certain exposure conditions, increased numbers of

lymphocytes were recovered in bronchoalveolar lavage fluid from exposed animals.
[Chang, L.W. (ed.). Toxicology of Metals. Boca Raton, FL: Lewis Publishers, 1996, p. 929-30] **PEER REVIEWED**

Evidence for Carcinogenicity:

Evaluation: There is sufficient evidence in humans for the carcinogenicity of beryllium and beryllium compounds.
There is sufficient evidence in experimental animals for the carcinogenicity of beryllium and beryllium compounds.
Overall evaluation: Beryllium and beryllium compounds are carcinogenic to humans (Group 1). /Beryllium and
beryllium compounds/

[IARC. Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Man. Geneva: World Health Organization,
International Agency for Research on Cancer, 1972-PRESENT. (Multivolume work). Available at: http://monographs.iarc.fr/index.php
p. 58 103 (1993)] **PEER REVIEWED**

Al; Confirmed human carcinogen. /Beryllium & compounds, as Be/
[American Conference of Governmental Industrial Hygienists TLVs and BEIs. Threshold Limit Values for Chemical Substances and
Physical Agents and Biological Exposure Indices. Cincinnati, OH, 2008, p. 14] **QC REVIEWED**

WEIGHT OF EVIDENCE CHARACTERIZATION: B1; probable human carcinogen. Based on the limited evidence of
carcinogenicity in humans exposed to airborne beryllium (lung cancer) and sufficient evidence of carcinogenicity in
animals (lung cancer in rats and monkeys inhaling beryllium, lung tumors in rats exposed to beryllium via
intratracheal instillation, and osteosarcomas in rabbits and possibly mice receiving intravenous or intramedullary
injection), beryllium is reclassified from a B2 (inadequate human data) to a B1 probable human carcinogen (limited
human data) using criteria of the 1986 Guidelines for Carcinogen Risk Assessment. Using the proposed Guidelines for
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Animal Toxicity Studies:

Toxicity Summary:

Exposure of people to relatively high concentrations of beryllium (greater than 100 ug cu m) causes acute beryllium
disease, characterized by chemical pneumonitis. ... Some people inhaling low concentrations of beryllium develop
chronic beryllium disease, a granulomatous lung disease characterized by dyspnea, cough, reduced pulmonary
function. and a variety of other symptoms. includina weiaht loss. ... The lack of a dose-response relationship between
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the extent of exposure and development of the disease, long latency period between exposure and onset, and the low
incidence among beryllium-exposed individuals suggests that the disease is immune mediated. ... Occupational risk
associated with exposure to beryllium-containing alloys has been documented for individuals exposed to beryllium-
copper and beryllium-nickel alloys. Beryllium is a suspected human carcinogen, based on results of animal data.
Epidemiologic evidence relating beryllium exposure to cancer in humans is inadequate to demonstrate or refute that
beryllium is carcinogenic in humans, and the International Agency for Research on Cancer lists the evidence for
beryllium induced carcinogenicity in humans as "limited". ... The pulmonary effects of inhaled beryllium have also
been evaluated in a variety of laboratory animal species. ... monkeys exposed to relatively high concentrations of
beryllium compounds developed symptoms and histopathological findings consistent with acute beryllium disease. ...
Granulomatous lung disease has also been produced in guinea pigs exposed to beryllium compounds by inhalation or
by intratracheal instillation. ... Repeated inhalation of beryllium-containing materials, including soluble beryllium
compounds by various strains of laboratory rats has resulted in development of inflammatory and proliferative
changes, granulomatous lung changes, and the development of lung tumors. Although beryllium- exposed rats have
developed various degrees of granulomatous lung disease, none have developed immunopathological responses in
lung or béryllium hypersensitivity. ... studies have shown that several strains of mice inhaling beryllium develop
pulmonary lesions with features consistent with chronic beryllium disease. Lung lesions consisted of infiltration of
lymphocytes into the lung interstitium, development of microgranulomas consisting of T lymphocytes and
macrophages, and the presence of some pulmonary fibrosis. Under certain exposure conditions, increased numbers of

lymphocytes were recovered in bronchoalveolar lavage fluid from exposed animals.
[Chang, L.W. (ed.). Toxicology of Metals. Boca Raton, FL: Lewis Publishers, 1996, p. 929-30] **PEER REVIEWED**
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oaici:31315,261103/00 Boron is a non metallic element and the only non-metal of the group 13 of the periodic table the elements.
. Boron is electron-deficient, possessing a vacant p-orbital. It has several forms, the most common of which is Chromium
fax: #31.15.261.62.89 amorphous boron, a dark powder, unreactive to oxygen, water, acids and alkalis. It reacts with metals to
i1 form borides '
5 : @I tech.co G . . " " Cesium
e-mail: info@lenntech.com At standard temperatures boron is a poor electrical conductor but is a good conductor at high temperatures.
Copper
Applications
Dubnium
The most economically important compound of boron is sodium tetraborate decahydrate Na;B407 - 10H20, or
borax, used for insulating fiberglass and sodium perborate bleach. Boric acid is an important compound used Darmstadtium
in textile products.
Compounds of boron are used in organic synthesis, in the manufacture of a particular type of glasses, and as Dysprosium
wood preservatives. Boron filaments are used for advanced aerospace structures, due to their high-strength .
and light weight. Erbium
An early use of borax was to make perborate, the beaching agent once widely used in household detergents.
Boron compound also came into the average home in the guise of food preservatives, expecialy for margarine Einsteinium
and fish.
Europium
Boron in the environment
Fluorine
Boron is not present in nature in elemental form. It is found combined in borax, boric acid, kernite, ulexite, Iron
colemanite and borates. Vulcanic spring waters sometime contains boric acids.
Borates are mined in US, Tibet, Chile and Turkey, with world production being about 2 million tonnes per Fermium
year.
Francium
Health effects of boron
Gallium
Humans can be exposed to boron through fruit and vegetables, water, air and consumer products. we have
a regular daily intake of about 2 mg and about 18 mg in out body in total. Gadolinium
When humans consume large amounts of boron-containing food, the boron concentrations in their bodies Germanium
may rise to levels that can cause health problems. Boron can infect the stomach, liver, kidneys and brains
and can eventually lead to death. When exposure to small amounts of boron takes place irritation of the Hydrogen
nose, throat or eyes may occur. It takes 5 g of borc acid to make a person ill and 20 grams or more to put
its life in danger. Helium
Eating fish or meat will not increase the boron concentrations in our bodies, as boron does not accumulate Hafnium
within the tissues of animals.
Mercury
Environmental effects of boron Holmium
" . " . Hassium
Boron is an element that occurs in the environment mainly through natural processes.
x : ’ - . Iodine
Boron occurs naturally in the environment due to the release into air, soil and water through weathering. It
may also occur in groundwater in very small amounts. Humans add boron by manufacturing glass, Indium
combusting coal, melting copper and through the addition of agricultural fertilizers. The concentrations of
boron that are added by humans are smaller that the naturally added concentrations through natural Iridium
weathering.
Potassium
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dust in the workplace does exist. Boron exposure may also occur from consumer products such as cosmetics Krypton
and laundry products.

i . . X Lanthanum
Plants absorb boron from the ground and through plant-consuming animals it can end up in food chains.
Boron has been found in animal tissue, but it is not likely to accumulate. Lithium

When animals absorb large amounts of boron over a relatively long period of time through food or drinking Lawrencium
water the male reproductive organs will be affected. When animals are exposed to boron during pregnancy

their offspring may suffer from birth defects or delayed development. Furthermore, animals are likely to Lutetium
suffer from nose irritation when they breathe in boron.

Mendelevium
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Electronegativity according to Pauling 1.8

Density 8.9 g.cm™3 at 20°C

Melting point 1495 °C
Boiling point 2927 °C
Vanderwaals radius 0.125 nm

0.078 nm (+2) ; 0.063 nm
Ionic radius (+3)
Isotopes 8

Electronic shell [ Ar ] 3d7 4s?

Energy of first ionisation 757 kd.mol %

Energy of second ionisation 1666.3 kd.mol !

Energy of third ionisation 3226 k).mol !

-0.28V (Co?*/Co);

Standard potential
P +1.84V ( Co*/ Co?* )

Discovered by George Brandt in 1737

Cobalt

Cobalt is a hard ferromagnetic, silver-white, hard, lustrous, brittle element. It is a member of group VIII of the
periodic table. Like iron, it can be magnetized. It is similar to iron and nickel in its physical properties. The element
is active chemically, forming many compounds. Cobalt is stable in air and unaffected by water, but is slowly
attacked by dilute acids.

Applications

Cobalt is used in many alloys (superalloys for parts in gas turbine aircrafr engines, corrosion resistant alloys,
high-speed steels, cemented carbides), in magents and magnetic recording media, as catalysts for the petroleum
and chemical industries, as drying agents for paints and inks. Cobalt blue is an important part of artists' palette
and is used bu craft workers in porcelain, pottery, stained glass, tiles and enamel jewellery. The radioactive
isotopes, cobalt-60, is used in medical treatment and also to irradiate food, in order to preserve the food and
protect the consumer.

Cobalt in the enviroment

Most of the Earth's cobalt is in its core. Cobalt is of relatively low abundance in the Earth's crust and in natural
waters, from which it is precipitated as the highly insoluble cobalt sulfine CoS.

Although the average level of cobalt in soils is 8 ppm, there are soils with as little as 0.1 ppm and others with as
much as 70 ppm. In the marine environment cobalt is needed by blue-green algae (cyanobacteria) and other
nitrogen fixing organisms. Cobalt is not found as a free metal and is generally found in the form of ores. Cobalt is
usually not mined alone, and tends to be produced as a by-product of nickel and copper mining activities. The main
ores of cobalt are cobaltite, erythrite, glaucodot, and skutterudite. The world's major producers of cobalt are the
Democratic Republic of.the Congo, mainland China, Zambia, Russia and Australia. It is also found in Finland,
Azerbaijan, and Kazakhstan.

World production is 17.000 tonnes per year.

Health effects of cobalt

As cobalt is widely dispersed in the environment humans may be exposed to it by breathing air, drinking water
and eating food that contains cobalt. Skin contact with soil or water that contains cobalt may also enhance
exposure.

Cobalt is not often freely available in the environment, but when cobalt particles are not bound to soil or sediment
particles the uptake by plants and animals is higher and accumulation in plants and animals may occur.

Cobalt is beneficial for humans because it is a part of vitamin B12, which is essential for human health. Cobalt is
used to treat anaemia with pregnant women, because it stimulates the production of red blood cells. The total
daily intake of cobalt is variable and may be as much as 1 mg, but almost all will pass through the body
unadsorbed, except that in vitamine B12,

However, too high concentrations of cobalt may damage human health. When we breathe in too high
concentrations of cobalt through. air we experience lung effects, such as asthma and pneumonia. This mainly
occurs with people that work with cobalt.

When plants grow on contaminated soils they will accumulate very small particles of cobalt, especially in the parts
of the plant we eat, such as fruits and seeds. Soils near mining and melting facilities may contain very high
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- Krypton
- Vomiting and nausea
- Vision problems Lanthanum
- Heart problems
- Thyroid damage Lithium
Health effects may also be caused by radiation of radioactive cobalt isotopes. This can cause sterility, hair loss, Lawrencium
vomiting, bleeding, diarrhoea, coma and even death. This radiation is sometimes used with cancer-patients to
destroy tumors. These patients also suffer from hair loss, diarrhea and vomiting. Lutetium
Cobalt dust may cause an asthma-like disease with symptoms ranging from cough, shortness of breath and Mendelevium
dyspnea to decreased pulmonary function, nodular fibrosis, permanent disability, and death. Exposure to cobait
may cause weight loss, dermatitis, and respiratory hypersensitivity. LD 50 (oral, rat)- 6171 mg/kg. (LD50 = Magnesium
Lethal dose 50 = Single dose of a substance that causes the death of 50% of an animal population from exposure
to the substance by any route other than inhalation. LD50 is usually expressed as milligrams or grams of material Manganese
per kilogram of animal weight (mg/kg or g/kg).)
Molybdenum
Carcinogenicity- International Agency for Research on Cancer (IARC) haslisted cobalt and cobalt compounds within
group 2B (agents which are possibly carcinogenic to humans). ACGIH has placed cobalt and inorganic compounds Meitnerium
in category A3 (Experimental animal carcinogen- the agent is carcinogenic in experimental animals at a relatively
high dose, by route(s), histologic type(s), or by mechanism(s) that are not considered relevant to worker Nitrogen
exposure.) Cobalt has been classified to be carcinogenic to experimental animals by the Federal Republic of
Germany. Sodium
Niobium
Environmental effects of cobalit Neodymium
Cobalt is an element that occurs naturally in the environment in air, water, soil, rocks, plants and animals. It may Neon
also enter air and water and settle on land through wind-blown dust and enter surface water through run-off when
rainwater runs through soil and rock containing cobalt. Nickel
Humans add cobalt by releasing small amounts into the atmosphere from coal combustion and mining, processing Nobelium
of cobalt-containing ores and the production and use of cobalt chemicals.
The radioactive isotopes of cobalt are not present in the environment naturally, but they are released through Neptunium
nuclear power plant operations and nuclear accidents. Because they have relatively short half-lives they are not
particularly dangerous. Oxygen
Cobalt cannot be destroyed once it has entered the environment. It may react with other particles or adsorb on Osmium
soil particles or water sediments. Cobalt will only mobilize under acidic conditions, but ultimately most cobalt will
end up in soils and sediments. Phosphorus
Soils that contain very low amounts of cobalt may grow plants that have a deficiency of cobalt. When animals Protactinium
graze on these grounds they suffer from lack of cobalt, which is essential for them. Cesd
a
On the other hand, soils near mining and melting facilities may contain very high amounts of cobalt, so that the
uptake by animals through eating plants can cause health effects. Cobalt will accumulate in plants and in the Palladium
bodies of animals that eat these plants, but cobalt is not known to bio magnify up the food chain. Because of this
fruits, vegetables, fish and other animals we eat will usually not contain very high amounts of cobalt. Promethium
Polonium
chart periodic elements. d
Back to chart periodic elements. Pra ymium
Platinum
Refractory Metals Tantalum, Tungsten, Molybdenum, Niobium. Extensive Inventory. w Boys.c Plutonium
Need a Water Treatment? Kansas City's Best Water Treatment Never Buy Before Checking with Us! wwwKcKinetico.com Radium
High Conductivity Nano- and Sub-Nanometer Silver Dispersions for Conductive Inks wywwnenogap-usa com > Rubidium
Rhenium
Rutherfordium
Roentgenium
Rhodium
Radon
Ruthenium
Sulfur
Antimony
Scandium
Selenium
Seaborgium
Silicon
Samarium
Tin
Strontium
Tantalum
Terbium
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Tellurium
Thorium




Cobalt Facts

Environment

9 Cobalt in the Environment

The pages that follow give an overview of the role of cobalt in health and the environment.

For further information, please refer to the HS&E section on this website.
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Cobalt Exposure and Heart Disease
(April 2006)

Cobalt in the form of Vitamin B, (hydroxocyanocobalamin) is essential for humans.
Vitamin B, supports important synthetic reactions in metabolic processes and is essential
for the production of red blood cells. The metabolism of Vitamin B, and the daily
ingestion of cobalt—containing foodstuffs provide the most significant source of cobalt
(e.g. background level) in the human body. Background levels of cobalt are not known to
be associated with adverse health effects in humans.

Humans may ingest up to several milligrams of cobalt per day in their diet and based on
case reports, appear to tolerate even higher daily doses of cobalt during clinical treatment
for anaemia without adverse effects to the heart. However, the ingestion of relatively
high levels of cobalt (when compared to dietary intake) from inorganic cobalt salts with
large amounts of alcohol has been reported to pose health risks to some humans. In the
mid 1960’s, small amounts of cobalt (1-2 parts per million) in the form of cobalt chloride
were added to a brand of beer as a foam stabiliser. A number of fatalities related to
cardiomyopathy were reported in men who consumed large amounts (more than 8 pints
per day) of the cobalt-laden beer. Daily oral doses of cobalt in this group were in the
range of 0.1 milligram per kilogram body weight.

Cardiomyopathy is a type of heart disease characterised by damage to the muscle and
structure of the heart. The resultant effect is muscle cell death and a decrease in the
volume of blood pumped. Studies of animal and human exposure to cobalt indicate that
oral cobalt exposure, poor diet, and alcohol consumption are jointly associated with heart
damage similar to that reported in beer drinkers.

A recent (2004) cross-sectional occupational exposure study of about 200 cobalt refinery
waorkers found no clinically significant heart disease. However, among the most highly
exposed workers, there was a relationship between cumulative cobalt exposure and
alterations in left ventricular filling and relaxation times. The clinical significance of
these changes is currently being investigated.
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Cobalt Exposure and Red Blood Cells
(April 2006)

Cobalt is known to stimulate the production of red blood cells. A cobalt-iron medication
was once used to treat specific types of anaemia. In clinical situations where decreased
numbers of red blood cells were associated with anaemia, ingestion of inorganic cobalt
(cobalt +2 ion in the form of cobalt chloride) stimulated an increase in the production of
red blood cells (polycythemia or erythrocytosis). Typical adult doses were administered
daily in the range of 50-100 milligrams of cobalt (0.7-2.0 milligrams cobalt per kilogram
body weight).

Clinical treatments for sickle cell anaemia in children, utilizing higher cobalt doses (in
the range of 3 to 4 milligrams per kilogram body weight), were associated with thyroid
effects (decreased iodine uptake, e.g. goiter) in addition to the desired polycythemia. The
thyroid and polycythemic effects were reversible upon cessation of oral cobalt treatment.
Doses lower than 3 milligrams per kilogram body weight were not reported to induce
thyroid effects in children. Currently, the clinical use of cobalt for the treatment of
anaemia has been replaced by the use of synthetic erythropoetin, a hormone that induces
the production of red blood cells.

Environmental cobalt exposures have been associated with altitude-induced polycythemia
and Mountain Sickness* in some residents of a Peruvian mining village located 4300
meters above sea-level. High altitudes may also induce polycythemia in humans due to
decreased oxygen levels. One study group of villagers, none of whom currently worked
in the mine, with polycythemia (induced by high altitude) and significantly increased
levels of cobalt measured in their blood (>1 microgram per litre), had greater frequency
of Mountain Sickness when compared to villagers with polycythemia and normal cobalt
blood levels.

Two occupational exposure studies have assessed the presence of polycythemia in cobalt-
exposed workers. One study was conducted in a cobalt refinery and the other was -
conducted in a factory where cobalt dyes were used to paint porcelain plates. Both
studies reported slight but non-significant decreases in red blood cells of workers. The
prevalence and clinical significance of polycythemia in occupational cobalt exposures is
not known.
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The Effect of Inhalation of Cobalt Substances on the Lungs.
(April 2006)

Occupational inhalation exposures to elemental cobalt powders, salts, oxides and mixed-
metal cobalt compounds such as hardmetal (cobalt-tungsten carbide) powders have been
associated with asthma in workers. In some instances, antibodies to cobalt were detected
in their blood. Workers exposed to cobalt-containing diamond dust in diamond polishing
operations (which use cobalt powders as adhesives on the polishing disk) have been
reported to undergo pathological changes in their lung tissue that range from intense
inflammation to cellular infiltration and fibrosis. Some hardmetal workers have also
been reported to contract this condition which has been named “hardmetal lung disease”
or “hardmetal pneumoconiosis”. Outside of diamond polishing and hardmetal operations,
hardmetal disease has not been reported in workers exposed to cobalt substances alone.
The prevalence of hardmetal lung disease in hardmetal operations is not known.

With respect to cobalt exposure (in the absence of mixed metals) in humans and lung
cancer, there is one epidemiology study and a follow-up study investigating deaths in
cobalt salt workers. The initial study reported four deaths due to lung cancer which would
have been significantly higher than the expected deaths. However, the study authors later
reclassified one lung cancer death after review of death certificates. Based on three
deaths, the initial study results were not statistically significant, and the follow-up study
did not report any increased deaths due to lung cancer.

There are four epidemiological evaluations of occupational hard metal exposure and lung
cancer. While all four studies reported low but significantly increased deaths due to lung
cancer, each study has confounding issues. These issues include: the effects of tobacco
smoking and other life-style factors, incomplete current exposure data on workers, and
lack of information on previous exposure history of the workers.

Animal studies include a lifetime (2-year) inhalation study of cobalt sulphate
heptahydrate aerosol in rodents where lifetime inhalation exposure was associated with
lung cancer (significant increases in bronchio-alveolar tumours) in rats and mice. Severe
inflammation of the entire respiratory tract at all doses was reported as well. Studies with
rodents and miniature swine have reported inflammation, lung fibrosis and emphysema
after long-term inhalation or intra-tracheal instillation of cobalt, cobalt oxide and cobalt-
tungsten carbide powders. Studies investigating the long-term inhalation of hardmetal
powder and lung cancer in experimental animals have not been found in the scientific
literature.
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The Effects of Cobalt Exposure on the Mammalian Reproductive System
(November 2006)

Exposure to cobalt can occur through inhalation, oral or dermal (skin) routes. Mammals, including humans, are
exposed to natural sources of cobalt in their food, water and air. In addition to naturally occurring forms in the
environment, cobalt substances may also be present in certain occupational settings and in some consumer
products.

Cobalt in the chemically distinct form of Vitamin B, is essential for humans. While humans require Vitamin
B, mammals such as deer, moose and elk, as well as domestic farm ruminants such as cattle and sheep,
directly require the bioavailable cobalt (II) ion for reproductive health. It is common veterinary and agricultural
practice to provide cobalt salt supplements to ensure a sufficient source of bioavailable cobalt (II) ion for
animal health. Agricultural and veterinary experiences with bioavailable cobalt indicate there are “safe” doses
which can maintain beneficial levels of cobalt in the animal. Doses of cobalt in diets that are too low (deficient)
or too high (over-exposure) have been reported to have harmful effects. Cobalt-deficient diets are associated
with a “wasting disease” in farm ruminants, deer, elk and moose where the animals fail to thrive and their
reproductive output is significantly decreased. Over-exposures are associated with decreased reproductive
output in farm ruminants.

Over-exposure to water-soluble cobalt salts (and thus the cobalt II ion) has been shown to cause damage to
testicular tissue in male rats and mice. The effects are reported by oral exposure to cobalt chloride and by
inhalation exposure to cobalt sulphate and they appear to be dose-dependent. These studies also reported sperm
number and motility were affected. The oral and inhalation studies reported a threshold level (exposure dose)
below which no adverse effects were observed for testicular tissue, sperm motility and sperm number. At the
highest oral doses studied, fertility in male mice was significantly reduced (measured as the percentage of
fertilised ova). A threshold level was also found for the adverse effects on fertility in male mice. It is unclear
whether fertility in male mice is restored after the cessation of oral exposure.

Similar reproductive studies with female mice as well as other rodents and animals have not been found in the
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